The effect of lattice mismatch on the chemical ordering of epitaxial FePt films was studied. The results showed that the lattice constant ͑c͒ of the FePt films decreased with increasing lattice mismatch from about 2.23% to 6.33%. Upon further increase of to about 8.8%, c increased. On the other hand, the variation of the lattice constant ͑a͒ of the FePt films showed a reversal behavior to that of c with the increased lattice mismatch. The ratio c / a of the FePt films held a minimum of about 0.9466, while the chemical ordering degree and magnetic anisotropy constant held maximum values for around 6.33%. These results indicated that the strain from the lattice mismatch favored the ordering of the FePt films. © 2005 American Institute of Physics. ͓DOI: 10.1063/1.1851419͔ FePt thin films have drawn considerable attention as a potential high-density magnetic recording material due to the large magnetocrystalline anisotropy of ordered tetragonal L1 0 FePt phases. As-deposited FePt alloy thin films are usually a disordered face-centered-cubic ͑fcc͒ phase and tend to show a ͑111͒ texture. High-temperature ͑above 550°C͒ postannealing is needed to form the L1 0 phase. 1,2 In order to develop FePt films as recording media, their L1 0 FePt ordering temperature has to be reduced and easy axis should be either perpendicular or parallel to the film plane. Thus, the control of crystallographic texture 3-9 of L1 0 FePt thin films has been widely studied. intermediate layers were used to adjust the lattice mismatch. The substrates were fixed on a rotating holder to ensure the thickness uniformity of the films during deposition. The substrate temperature was monitored by means of a thermocouple in contact with the substrate holder. The base pressure of the sputtering chamber was less than 1 ϫ 10 −8 Torr. The Pt and FePt films were deposited under an Ar gas pressure of 10 mTorr, while the Cr, Cr 95 Mo 5 , and Cr 90 Mo 10 buffer layers were deposited with an Ar gas pressure of 3 mTorr. The crystallographic texture of the FePt films and the epitaxial relationship and phi scans were measured by a highresolution x-ray diffractometer ͑HRXRD͒ ͑Bruker D8 Discover͒ using a Cu K ␣ radiation. The magnetic properties of the films were measured with a vibrating-sample magnetometer ͑VSM͒ and an automatic torque magnetometer. Figure 1 shows the XRD spectra of all the samples. Since only FePt ͑00n͒ diffraction peaks are observed, the films are strongly textured to the ͑001͒ planes. The intense FePt ͑001͒ peak and the appearance of the FePt ͑003͒ peak in all scans indicate a high degree of chemical ordering with the tetragonal c axis along the film normal. The Pt ͑200͒ and Cr ͑200͒ peaks from the intermediate layers are clearly observed. The unlabeled peaks ͑near 38°and 39°͒ are from the MgO substrates, which have been confirmed by the XRD spectra of the pure MgO substrates ͑figures not shown͒. The degree of the FePt ͑001͒ texture of the samples is characterized by their rocking curves. The full width at half maxima ͑FWHM͒ of all the curves are smaller than 5°, indicating a good FePt ͑001͒ texture of all the samples ͑figures not shown͒. The calculated lattice-constant values of the intermediate layers grown on both the MgO and the glass suba͒
FePt thin films have drawn considerable attention as a potential high-density magnetic recording material due to the large magnetocrystalline anisotropy of ordered tetragonal L1 0 FePt phases. As-deposited FePt alloy thin films are usually a disordered face-centered-cubic ͑fcc͒ phase and tend to show a ͑111͒ texture. High-temperature ͑above 550°C͒ postannealing is needed to form the L1 0 phase. 1, 2 In order to develop FePt films as recording media, their L1 0 FePt ordering temperature has to be reduced and easy axis should be either perpendicular or parallel to the film plane. Thus, the control of crystallographic texture [3] [4] [5] [6] [7] [8] [9] of L1 0 FePt thin films has been widely studied. The growth of magnetic layers can be controlled by appropriate underlayers, 10 and then the magnetocrystalline anisotropy of the films can be optimized. Various underlayers or substrates, such as MgO, [3] [4] [5] [6] Ag, 7 CrRu, 8 and oxidized Si ͑Ref. 9͒ have been successfully used to promote the L1 0 FePt ͑001͒ texture at relatively low temperatures. It was deduced that the lattice mismatch at the interface between FePt film and underlayer may expand the a axis and shrink the c axis of the FePt film and thus favors the ordering at low temperatures. This study is to identify the relationships between the lattice mismatch and the chemical ordering of the FePt films and their magnetic anisotropic constant.
20 intermediate layers were used to adjust the lattice mismatch. The substrates were fixed on a rotating holder to ensure the thickness uniformity of the films during deposition. The substrate temperature was monitored by means of a thermocouple in contact with the substrate holder. The base pressure of the sputtering chamber was less than 1 ϫ 10 −8 Torr. The Pt and FePt films were deposited under an Ar gas pressure of 10 mTorr, while the Cr, Cr 95 Mo 5 , and Cr 90 Mo 10 buffer layers were deposited with an Ar gas pressure of 3 mTorr. The crystallographic texture of the FePt films and the epitaxial relationship and phi scans were measured by a highresolution x-ray diffractometer ͑HRXRD͒ ͑Bruker D8 Discover͒ using a Cu K ␣ radiation. The magnetic properties of the films were measured with a vibrating-sample magnetometer ͑VSM͒ and an automatic torque magnetometer. Figure 1 shows the XRD spectra of all the samples. Since only FePt ͑00n͒ diffraction peaks are observed, the films are strongly textured to the ͑001͒ planes. The intense FePt ͑001͒ peak and the appearance of the FePt ͑003͒ peak in all scans indicate a high degree of chemical ordering with the tetragonal c axis along the film normal. The Pt ͑200͒ and Cr ͑200͒ peaks from the intermediate layers are clearly observed. The unlabeled peaks ͑near 38°and 39°͒ are from the MgO substrates, which have been confirmed by the XRD spectra of the pure MgO substrates ͑figures not shown͒. The degree of the FePt ͑001͒ texture of the samples is characterized by their rocking curves. The full width at half maxima ͑FWHM͒ of all the curves are smaller than 5°, indicating a good FePt ͑001͒ texture of all the samples ͑figures not shown͒. The calculated lattice-constant values of the intermediate layers grown on both the MgO and the glass sub- The epitaxial relationships between the FePt films and/or the intermediate layers and MgO substrates are investigated by an off-specular phi scan. The detailed measurement procedure has been described elsewhere. 11 The off-specular MgO ͑202͒ and FePt ͑202͒ phi scans ͑45°and 44.1°away from the specular rod, respectively͒, MgO ͑202͒, Pt ͑202͒, and FePt ͑202͒ phi scans ͑45°, 45°, and 44.1°away from the specular rod, respectively͒, and MgO ͑111͒, Cr ͑101͒, and FePt ͑111͒ phi scans ͑45°, 45°, and 44.1°away from the specular rod, respectively͒ are used to demonstrate the epitaxial relationships among FePt/ MgO, FePt/ Pt/ MgO, and FePt/ Cr/ MgO, respectively. The typical phi scan results are shown in Fig. 2 . For sample E, four MgO ͕202͖ diffraction peaks with an even spacing of 90°are observed in the phi scan spectra and four FePt ͕202͖ peaks with the same spacing are also found at the same positions ͓Fig. 2͑a͔͒. This indicates that the FePt ͑202͒ reflection follows the MgO ͑202͒ reflection, which confirms that the L1 0 FePt film is, in fact, epitaxially grown on the MgO ͑200͒ substrate. For sample A, four MgO ͕202͖, four Pt ͕202͖, and four FePt ͕202͖ diffraction peaks are observed at the same locations ͓Fig. 2͑b͔͒, which implies that the Pt buffer layer first epitaxially grows on the MgO substrate and then the FePt film turns to epitaxially grow on the Pt buffer layer. For sample B, four MgO ͕111͖, four Cr ͕101͖, and four FePt ͕111͖ diffraction peaks are observed at the same locations. Figure 2͑c͒ demonstrates that the Cr buffer layer epitaxially grows on the MgO substrate and then the FePt film turns to epitaxially grow on the Cr buffer layer. The epitaxial relationships can be revealed by the direction of the momentum transfer at the peak projected to the film plane relative to the in-plane orientation of the MgO substrate. From the relative directions of the FePt films, intermediate layers, and MgO substrates crystalline axes, the epitaxial relationships for samples E, A, and B can be derived as FePt͑001͒͗100͘ ʈ MgO͑100͒͗001͘, FePt͑001͒͗100͘ ʈ Pt͑100͒͗001͘ ʈ MgO͑100͒͗001͘, and FePt͑001͒͗100͘ ʈ Cr͑100͒͗110͘ ʈ MgO͑100͒͗001͘, respectively. Figure 3 summarizes the lattice constants a and c, tetragonality represented by c / a, ͑I 001 / I 002 ͒ 1/2 ͓I 001 and I 002 are the integrated intensities of the FePt ͑001͒ and ͑002͒ peaks, respectively͔, and uniaxial magnetic anisotropy energy K u with respect to the lattice mismatch. The lattice constants of the FePt films are calculated from the FePt ͑001͒ and ͑202͒ peaks. For the long-range ordering parameter is proportional to ͑I 001 / I 002 ͒ 1/2 , ͑I 001 / I 002 ͒ 1/2 is used to characterize the variation of the chemical ordering degree in this paper. The lattice constants of the intermediate layers are also calculated from the XRD spectra. The lattice mismatches are calculated from the following equation: Table I . The results manifest that the c value decreases with an increase of the lattice mismatch from about 2.23% to 6.33%. Upon further increase of , c increases in turn. On the other hand, the variation of a illustrates a controversial behavior to that of c with the increased lattice mismatch. The ratio of c / a holds a minimum of about 0.9466, while both ͑I 001 / I 002 ͒ 1/2 and K u hold maxima at Х 6.33%.
The present results depict that there is a critical lattice mismatch at Х 6.33%, which is the most favorable for improving the chemical ordering of the FePt films. It has been reported that the tensile strain of the c plane is considered to play a significant role in the formation of the L1 0 ordered structure. 12 In this study, the strain may increase with an increase of the lattice mismatch from about 2.23% to 6.33%, which can help expand the a axis and compress the c axis of the FePt films, thus favors the chemical ordering of the FePt films. Upon further increase of the lattice mismatch, the strain might be released due to the formation of dislocations at the interfaces, which results in a lower degree of chemical ordering.
A series of FePt films were sputter deposited on MgO ͑200͒ substrates with or without intermediate layers. The epitaxial relationships between FePt/ intermediate layer/ MgO were identified by using HRXRD. The effect of the lattice mismatch on the chemical ordering for the epitaxial FePt films was investigated. A critical lattice mismatch near 6.33% was believed to be the most suitable for improving the chemical ordering of the FePt films. The relationships among the lattice mismatch, ordering of the FePt film, and corresponding magnetic anisotropic constant were determined, which would be useful in thin-film growth and magnetic media design.
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